This is the first time that a study applies the gamma ray spectroscopy using a high purity germanium to evaluate the terrestrial gamma radiation level by detector in selected regions of Mali. The results reveal that the activity concentrations of naturally occurring . The measures of radium equivalent activity (Ra eq ), absorbed dose rates (ADR), annual effective dose rate (AEDR), external hazard index (H ex ), internal hazard index (H in ) and excess lifetime cancer risk (ELCR) were evaluated. Some of the obtained values exceed the recommended safe levels. Further studies are necessary to constitute a baseline reference data about the terrestrial radiation in Mali.
Introduction
Natural radionuclides of terrestrial origin, known as primordial radionuclides, are widespread in the earth's environment and exist in varying proportion in the entire natural environment, including the human body.
Only those radionuclides with half-lives comparable to the age of the earth such as 226 Ra, 232 Th, World Journal of Nuclear Science and Technology bution due to natural radionuclides that depend mainly on the local geological and geographical conditions.
In Mali, our previous study investigated on the natural radiological exposure for human being, focusing on the radon that is formed along with the 228 U decay disintegration chain [2] .
In the same vein, our research team has collected some soil samples from four regions in Mali for gamma ray analysis.
The purpose of this study is to determine the concentration of soil radionuclides' activity and to evaluate the health risks via the gamma radiation parameters such as Radium equivalent activity (Ra eq ), external hazard index (H ex ), in- 
Materials and Methods

Geographical Description of the Study Area
Mali is a landlocked country in West Africa. It is the eighth largest country in
Africa with an area of just over 1,240,000 square kilometres. This country is divided into eight regions and one capital district (see Figure 1) . Each of the regions bears the name of its principal city. The regions are divided into 49 cercles.
The cercles and the capital district are divided into 703 communes. The capital Bamako is administered separately and is in its own district. Th decay series to reach a secular equilibrium.
Sample Collection and Preparation
Gamma Ray Detection System
The gamma-ray activities were measured by using a shielded planar Hyper-Pure Germanium (HPGe) detector and associated electronics. The detector, a BE 3830 model coupled to an 8192 channel analyser piloted by Genie 2000 software were supplied by Canberra [9] . The experimental detector resolution is 1.97 keV at 1332 keV and 0.65 keV at 122 keV. Each sample was counted for 200,000 s.
Calculation Formulae for Radiation Exposure Parameters
Radium Equivalent Activity (Raeq)
Radium equivalent Ra eq represents the sum of the specific activities of 
where A Ra , A Th and A K are defined in the above equation.
Annual Effective Dose Rate (AEDR)
The annual effective dose rate received by the population is calculated using the following equation according to UNSCEAR [1]:
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where ADR is the estimated absorbed dose rate (nGy•h −1 ) given in Equation (2) 
External Hazard Index (Hex) and Internal Hazard Index (Hin)
The external hazard index is a criterion used to assess soil radiation exposure rate on a human body. The maximum value of H ex equal to unity corresponds to the upper limit of Ra eq (370 Bq•kg 
The internal exposure to radon and its daughter progenies is quantified by the internal hazard index H in , which is given by the equation:
Excess Lifetime Cancer Risk (ELCR)
The excess lifetime cancer risk (ELCR) gives the probability of developing cancer during the life of a human being at a given exposure level. The ELCR is calculated using the following equation [7] [11] [12] [13] :
where AEDR is the annual effective dose rate, DL the average duration of life for human being (70 years) and RF is the mortal cancer risk factor (Sv (1)- (6) and are presented in column 3, 4, 5, 6, 7, 8 of Table 2 .
Results and Discussion
As can be seen from The absorbed dose rate (ADR) obtained by equation (2) indicated that the lowest dose rate was 22.49 ± 3.01 nGy/h for the soil sample S4, while the highest dose rate was 161.16 ± 17.31 nGy/h for the soil represented by sample S7. Except the dose rates of samples S7, S8, S9, all the calculated dose rates were lesser than the global average value 57 nGy/h according to UNSCEAR,2000 report.
The annual effective dose rates (AEDR) in the air varied from 0.028 ± 0.004 to 0.198 ± 0.021 mSv/year with an average value of 0.082 ± 0.001 mSv/year which is higher than the world's mean (0.07 mSv/year).
For the external hazard index results showed that no soil sample exceed unity.
It is noteworthy that only the internal hazard index value of soil represented by sample S7 is higher than the permissible value (unity). In sum, the nature of the Falea deposit (an unconformity-associated uranium deposit) may explain the high values of the radium and thorium concentrations, impacting those of the radiological parameters.
Conclusions
In the present work, we used gamma spectrometry to determine natural radioactivity in 9 soil samples in Mali. The level of the natural radiation in the studied areas does not exceed the norm, except in Falea location where samples S7, S8 and S9 were collected.
Although the study did not cover the entire country of Mali, however, the findings reported in this workpaper provide relevant information and data which would document and enrich the world database on natural radioactivity emitted from soil and their effects on human bodies.
